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LAXaiUJbllALIllll MOftilUttlllU 




V.*l 


c» W-J cM-* j* j j?* fi-w .> &*y**jj» j^. 

- JjA- ••* 

o- ^ Jt <*>•* ^ j* ^ j* *J&-+ 

wr-^ £-*jj ^ » U* **£3 f yy>& J> Jw 

<— ^>) J^yJ-* 3 J* W->^ ^ •* J* >•»>*-* a— ji ,*>•>•-> A n 

-Karyotype ^ vpj^j Karyogram (v>->-j> 

i>— • */* r 1 ^^ 1 J 6 ^ f>j*j&' 

(^->— ^yJ 3 J-- ^-*1) 

JL 1 (^i.) j^i 

j_ij <ik- ^ --♦-*»? a- J- ry-ysfi J* '•AJ* 

•^ijA yfA ,)**’ u"* y* jt*)J** 
Chrnmorcmata « nJ- ^* -*-4 'rA' y> J* u**>- uAtA ^ ^A-jjS> j*Ji, 

«A- J* nuclcosomcs : JjjJm- ^iuU> J-*^ 

C>^ 0j >I *iD fc Wj iS»j 5 il 0 >-*> ^ o-> J* 'j* 

w oAi dna <> 

^_J jj-kB ijA DNA > ^-i. A fJ i* ^ V^u £- sjU^^VJ* 

. 

•fy~y&r 0& 3 *♦■>>> ' • • • Ji* ry-jA* 3 ' > **y J* •**■ 

t— » *y-A* •- ^ ^nj t ,il» ^ ^ ;*J J > W-jjS J* i 

.^**J v*Wj J ycc jl sfii J iit~ <— u. ovu 

:U* I 4 — L J>* J»>JJ • Jk cAUI ,>. i 0 ^* j 

.cjUilvt o- *Jj#— ^ a:^v yjA 3 J— *- Ij » J Parancmic coils jLl *— •Li^Vl 


M 


WVlj W/b rtuV 


Plcaoncmic coils pogl - 

.J— 4* 

^ >J» ri-asyi < 1 * ^ -V coils oWi - 

•JUW > £'>* ^ -A* , J> 

Major coils ^uJ (') 

Minor coils J-3 wiUJ (’) 

Somatic coils *- iia ( r ) 

jA— »> > jA J** J*> Genes cij-J t c J 4'‘o' » - 

Foiled .1.J.J -J/i 1 > **j#4 J* ^A^i. > } Euchromatin 

ix-** Jj* «-iyU £>»> -'-O-J ^ " 

u— * 

>-V >3 *>i 

.^iji , «> jUi- Jm. JjiMj 

^ ^ju, <is s* jXj l*~ M •>* " 

•Chromomcres 

J* ,j >->- »A* uk ^ W— • >J - 

inter-chromomcres 

•W* J- Ui- U- J. IJ+ jjmJJ .Uc ^ - 


CcntimEJ-eg 

iiii > jS^ Primary constriction ^ ijin jl£iYi ^-i jt f **yj JJ 

UUJ -j* ij i** J* sjj»l j ItkU JjS jl JfikVI Uki. - 

.Kinetochorc vjjS> V>A I J centromere 

JHJ.A— J J Zli-ij .> ^ jlia >3 J (') 


Monocentric chromosome 





-Dicccniric A** u*3 J» rm •* ( r ) 

pol>ecninc J ■*-+* st ^ t Ai^j >-tf ,1 J (r) 

-Secondary constriction jl chromosomes 

**-*> i*MM J J^Vi JjVt Jia«n } v^+W -i- f >->-, jSi > - 

Ai,., n>*a j*j£ sj» u * wj 

-Nucleolar organizers ly>l j! Nucleolar /-one sj>>* 

p^- > uWP~ ja» o- > *>> J* - 




Satellite 

•> * j ji 0*** » r j~*j & Cr •> -* * 


•C>j V p>->*j 

-Sat-chromosomes r <V-‘ * c*- 


Shape px>*j >> J*-* 

•PJ->*J .£> u- u*‘> y J^l J! rf~rs JJ » f-i*i ~ 

J »J v-* *^-j->-jj4li .> fcijd «■» A* j .>1 ^ f>->-J j* 6- fr^J - 

tiA» jrjjiU 

Telocentric j**jjX~* rWJji 0) 

p>->-J W** W** > Vtf ^ a-> 

.porximal end 

Acrocentric cijk> y»^ pi-W j* (') 

• JM* fc’-P p>. w ^l -“I J- v»> uA J 

Submetaceatric t> v*> jj P>->*J j* (0 

j-*- ab-^J> u>-*r.r *>—*•>& ^-t t> sv> >-J>— 3 JA »•* >j 

Met acentric a* ‘JHJJ-— fJ-^jX 1 ) 

ar—SiJ *»— *>*> ^ uAj v rt-fi J* 


( '-I ) J^LSuajU. 



Wflj Ujj* ft [ii- 



Dlfferent types of chromosomes according to the 
position of centromere . 



Anatomy of a chromosome 


XX n n h xx ; 

lit niinunn 

s r ■ s *0 » 17 


XI KX U 

IS 94 IS 


n n 

IS 70 


II XI II 

*« l» IS 





Karyotype of normal huram male. 

(i-iJAmJU 



j <*— Yj fit 


>J uA-j^JI 

Euchromatin and Hctrrochraraatin 

>-*j a- V * 1 J *- 4 > u#° P O- 


j tyn >» > >* u*-,j£« Jf j** ^ " TA *- *>j- 

tr ^5 ^i_Jlj y^-J iL.jJ «.Uf ^ 

■Aisi J VP False Nucleoli or chromoccnicrs J 

•Euchromatin 

U-CL JA i> •> “ 

. HLu J Jfi* jfil J^jjl J>Jh j&*~ > I> ,Lttfl i> .Ul - 

o-w>-^ 250 A to. >]« ja-uSHa^- 

• 30 - 80 A A.-r. ^uiJ 

:laj >1 uA-jjU O- u*> ** 
Constitutive hcterochromatin (') 

^ fU- «>=J M*' 

Facultative heterochiomatin o-*^- j* J^-j> ( t ) 

.i\ ^ Jii> jtS &+jj* )#&»***- 

ii ,_i~ L— v j-V- jA—j> J* v->J J# Jw- ‘ 

<JU ^ : 4li Ji. Euchromatin ^ j*U,> J® ^ 3 >M‘ ty-nf* 

uP-j> J Ai ^ r.>->-J -A* ** JAj >^1 ^ V * ^4* r>->-J J* uA 
*-K>J uhL-jjS uA> ^ > JjM ^ 

.Bare body _A r-» ->j*j ^-'.w Interphase ^ 
J-i-3 W-J i— U ^-1 jl J>^= o-A*i. >* jA- j jU iiA j - 

Nuclear ^ j>j - JJJl 1 J j ^ ,^jlj*® 


•organiser 



W/ij A- JJV- 


Molecular compounds of chromosomes cL.j— jajjIU 

I 0 j IjU ,> ,1 V-vJ cJS *'j- ci-j->-j>J UjS 

Jfijj* > vij^ v> .pj 


:£U>4>oj0l 6* £ijd 

*'>— * ^ j y» j a— U l£U y ji Giant chromosomes a** *c. 

* 

Polvtene chromosomes 

*> J '*+** fWVij s3ij*J i— a, s^-ij e*-» ^ *»■ 

v*— J oi-j-j-jjiJ o- r~J ^ ^si Ai- - 

Somatic y>- » £«jjJ iJtUJ OL j~ j-jj£ 3 y r 1 j J j jU- JiJ y vSj* - 

.pairing 

J u- j& «> s^- wi.1 »_>. * . . . > „ ^ y*j W J ±fl Oflj* - 

^A-j->.,>3 y I j 


Lamp brush chromosomes (y*.^ - T 


.^J>V ,L*Yt y Diplotcne stage j>U y - 

*^->->-jjS > j*J •*— 

•<&** cL.j-j.jjS y cA.j-j.jj 0 .i* - 
Icteral loops y*A*. u*£*> main axis «jAJ jj~ ^ 


B-chromosomes Vf>->*j>- r 
(A- chromosomes) f j-j.j> yt ^ j-C CLUJ j cAJ ^9 yu J J. j, - 

»»** Sex chromosomes yJ ^-.>->-j.Aj «**j CjLj->-j> j 


•S^jj 4i* £~*s J jjv B-chromosomes t *•>•>£ tr-ysJA J* 

B- chromosomes (super numerary chromosomes) 



Wjjl ^ is j 4* 


>■ »A ii HI S— J > >— ’ (•>->- JJ^ 1 'j* jA - 

•<^l ** jSlj V-*J1 l£U» ,> ryysf* '■»*#'*- 

■Jto s** f j-j- aP &* ^ “ 

ch» Vi. Jiij w oLj-^jU >^jAk,- 


.1 j > .1 


j* 1 u ■* 


jOL.jMj.jjUl j>l £\ji 
Viral chromosomes 

• kjft* ^ *-»>*■ >*jlj jh Bacterial chromosomes i* jpi# o’- j-j*jJL -t 

Lukaryotic chromosomes**,** -r 


Chemical structure of chromosome 

li jmJ j J*-j c^J 1 ^ * O J «* J ■» «> V-L.V - 

-Wi^, ^r-> j*lj s-h 

>Vt^ I u j j- (;’> > w~~ ,u3j oA* 'or 

•' 0 j*> 

&»Ps ohj>J *> .> j>^#3 Vh* h* ^ - 

> > ou*-*s <Jj Jisj -u^-*3j u*w*‘ ^ Wfi o^-VW 

J- 4>«u J>> r ,-,-,>> 

4> V-~Jj 'AM J..JSJ .)AV1 .LkJ ,-J jj - 

Wfl j- %*« >j ob^V O* ^ 

vt'iS i>^Vl .i* rl~, v»ts *J* j^jVlj . JhS > 

•*J*-*W>* ^ Wi- -V* »-i> >■ 

L-,1 j ^ jV\< i>»j Ji j*j* S4-V» >i-»VW V* V*»* Cii^M J - 


Function of chromosomes 


Vi>»j Wjm>j W#-* - 


.Vii ^ijS- ^1 ^ . 

j*j" 

jHiJ's' J a Vljjl UU > - 


I . . 





iV > s=» jj* J* «ji-* J- ij»4 i»t wjJO - 

•>^ 

C*JJ* *ka fJ^jS^J ^ J>-jl IjjJ^O- S3jj> Jb *> Uji-» - 

■W P j^ 



*i J A Lii- 


jjill ililjjiil! 

Chromosomal variations 

-o-U 

.i* ^ >s »yjJ jl UkSi. > ; VA >• ui ^ii jSl, - 

jLi ^ s* ^ .* jJ ,1 t i-3d Ajki ^yn i+p <p jf 

<■ JkB j- iit j 


;U* c.1 >a »k CM- > j 

Variation In chromosomal number ^ ( ’ 

VariatloB in chromosomal structure ^j-s-jjl* v**j» 


Variation in Chromosomes Number 

*> ^ JJ6 ^ V* i> t> J* *i>* 
•r^j-4 ™ ^ 

ry->-i£ A * ^ 

ry~r*£ £l ^ v^Yi 
,>•>•»> n >( Rat ) >43 Ju *j>~, 
*• >< Mouse ) >-J > ^>-yj 
fJ->-jjS *' > J-*' 

•genome f >V* l*u a» Jl ,jl cl+y-y.^ .j* ,> i-stli Jl - 
cr-*j(n) iJJ> JJ6 Jl J* - 

^ j >ikj jk j z>gotc ^>*yjJ W* 2^ «tjl^ c^* 11 C , -^ J Haploid number 

. Diploid number (2N) •*** 

) j! -jt, t U-a iyiil i-ui .k ^ Jk jS, - 

L^i 3 - S a a,oL. > ->-j^I! ,J * 


t • T 



.Wflj 4— J Vi , Ujjl ^ 

Euploidy J ^ -' 

Anuploidy >-> '**1 -t 

Euploidy 

Euploidy y*>yi# >i-" j ^ ^ - 
-ploid = unite *i»j .Eu * True Ji 

:<J. (/M*-' 1 a* 5J' 

Monopioid (Haptoidy) Wouj** «*>•♦-> W(> 
J j j> V > >•+- ^ Ul^ •Ijiklj OU^J, >-S 

>■ l^-k. U# j» V 4 J y^j 

(n) *!■»> a» > ^ ^ l^U-. J^l } ^ iL-Vi -*A> 

Jl CA+. ^ ^jj#J aaJ (> £ j3 * ^mj >ISJ 

Tri ploid 

*-*j <-*J iiy J (3n) (u r ) jl ^4- ^ •- ^>^- 

^_ic J> 1 j (n) oLj->»,>> > ^j* ** Jt <V4> 4 * 2 U 

uj-^j (3n) (u r ) O- jA A** j ^V' ^ > c^j (2") ^J-v-J^ 1 > ***> ** 

.Sterile Jjftl .* flu- 

Tetraploldy :<*•*->• J>* i* >**-.•> *#Wj ( r 

.(4n) W V*J *•> ui frA*- * ^ ‘^iU .j. 

Polyploidy' :<*•>* >• j>H ** >*^ (* 

- *•'> t> > jfrj o-jdj*- jj^ ^ 2^ .j* J >sj 

OYU .i* pcntaploids s-'-k ^ Tetraploid* V^Wj J Triploids *£*1 ^-4- oA 
r-^ ^ JS ) fLm jl ' • • *1 J-i Jj (V^j-J) V*>J ^VU 3 > 

Types of polyploidy :<✓•>->* Jj* « £»>1 

:W-J fcljf > JUo 
A utopolyploidy (>) 


I -r 



iVflj 


<IU~, 4*£ V-Vl J>VI t* AC >*-J aWl > £ ,J b» iLt 
W> >^ on* >-*- J*i Dcploid U ^ai!j>^liax-i- 

iU^D <*+. J >J lj*j — «c'-^ij ^ Ui (A A) .>-_» 

4* ^ jo' (AAAA) ^ I > 

J ;.** ** >— ** Jjd o- V* CJ^. Uj »j>- £*-, j j“ 

-jW jj ^uAi jl ^,l^i oa-, J*b o- t Ji> ^ ^ * 

y-w» 

Alloployploidy ^,-j-jjSI ±*3 (T) 

•db Jl. I leterozygoio 4jk 43-i. j* * / J ^ rrj >l ^ *> f p b* Us 

-t 1 ^ 1 u* iW 

W* M* Vw*> lS jU _«**1 «- ^ «>-*-* ^ ^ 

.Lit ^ .1*1 fc»< jj >!*»>•*« 

0- ^ V- WSJj .»> M '* - 

•(AB) >A JM » *Bfc. 

^ l > ^ ^ <Ji tjtl bt > dUj.j.j>l *» c^U-s, ** lii - 
.Allotetraploidys i* >**-J ^*1#^,^ j>B b* Jjsj (AA BB) 

•Hi, .i^t CjU*«i+ g^j aJ j 4>i» ‘>4 uA t ** 4* J* <>» - 

4L3 >1 jJ W ^ w— ^ u^Li. Wj<j> J 5 v *4 ./A* fi-aan 

.41 ^iu-i via ^ v*4 </j>* rj-*jJ*j 
jfi*> J* ) ■V > dAi ^>—5 JX. *** * - 

4* u> £ 4 * 4 -, ^^*-3 4-1- JL1 J .*4~ t«jAn .* OIV4 

•Ve* 

ijJ, fJJ-Li ^ ^aa iWJi jt. vtufti >^s- 

CiVX. C U1JU ^ia*J j.^ Jib V^jjSJ Ci>J ir JL J J*-£J jiJ XL,J - 



_<i <*— <3 jjP fk- 


>t £jij ,> ^jj J* \Sy*i tr cA? t> *** 1 > t 'j* {?% “ 

r * C» 4 a** Jfr *A.jmjt 1 JM *> ^jjB 

■Alloietraploid ,j m— *- ^y-yyP L> W' Uw g- 


iiS3l£ 

jl ^ oii w^. ^>vi j! >i „ju ,1-iftn j - 

•VWj yai J a^u*- 

^-si V ;ji ^ii J W U-'j* W j>* ^ ^ - 

•Vk*» 


^ .O 



Vtfij ^ Li-** 


jjL-i* jiJl ^jmjbjj&II JAllI 

Aneuploidv 


> J *> cA, Ji ^ > ^£^V- > J^, </* +j 

+ jtjW* ^ > ^ >->-.».£ ^ <j^j *** 
Ancuploidy (Cor, ancu-uneven, ploid unit) 
:Ui aitfi ij* ^-L, 

Hypoploid) c^^(') 

Hypcrplold *lj^(*) 


Hypoploldy :u -iU* .uri]»(1) 

• ^ £»•* j* 

MoBosomic : (' ) 

t >* ^ o- 1 ^ J **> > ^'.» > fcp li* J-i-., - 

■J~*. J ^ *'j- 

:U»iJ ^ >i £ jil 


•n >-« *J c>-*- Vj Vit M V-J JjS* n-l 4>-» n >V» j 2 r>- 1 

The turner syndrome » -W^-' »>» 

(2n-l) W Ww >3 W - 

(45. X) W **#-» - 



Ai. ,* . j* ^TS 1 c> Jjl - 


.Lie L >jJ • 


Nullosomic :Vutfl*jc(T) 


.(2n-2) ,/» W genomic formula *— >*#** - 

4 >-fl j -4 Nullosomic polyploidy vi*a £»jAfl U* - 

u*S jjB 



-Vm , J ft 


: ^ Hypcrploidy M -t 
Traomic **a»ai ^ (f) 

; ix.^J j*. &j jJj ,>->-jjS > o- 1 >^' 't uij - 

•V>*J 

.(2n * 1 ) ^ l*J i*. «?J <v^!' - 
> c ,; s»^sW ^J^VI fUiw .'^ It ^ j - 

<iP' J ^>1 £- ^ ^ iifi, .>* sJJ «? >V' ^ 

^ ^ > uya* ^ ajt: J» > j! o*o joa jjS> 

*- g*jd ^ o» * *i» *V > '■* >*. ,>->*j>* gP»s uA cM" j - 

-Mongolism v-iktt, L ,’ Down's Syndrome jjb ^— , 

*J Arftt J «'— mt-^l ^ -jU £- 4 ’-5c. cikt *J ^v -‘ -ILi - 

:«/* CMH *> Trisomy *&!» fcU <>j 

The Down syndrome ul' 4 (j2d^i -' 

(2 n+1) <*>.>•>>■ ii-J 
(47 +21) ./» aJ vACJ **#-* - 
ASS -tlijj I-angdon Down »>yj r U ^ <1*JJ »t *_*-•, <>• J ) - 
J-J - <-*J - a-hj* 4 >~ J W*» -J (Mongolism) t ^*fc-U l >-*, - 

. i^kk- ^ ^5 j ^ C/i J,^ 

^ - 

.'/V- . ^ ^ ^Lj ^ <H* - 

Trisomy 13 iri*uu#jr 

(2 n+l ) ^ *yy-yyj& J W-J • 
T..... -1/20.000 £ii *U ^ 4 a*» 4I «*-* - 
Chromosomal nomenclature (47. +13) <*>».>* V>- >•>.£* am-«J - 
•>— e-^ 6 Jy*u rto'Jr* i>j~ 


' .v 



.a ; 

e^-Vi ^ - 

•sJi* y ^2* vv 1 - 

^ Jjn 

Trisomy 18 

Chromosome formula (2n+l ) - l«l ^V-J ^ - 

(47. +1 8) ^ 1*1 W>» V>*J W-» ~ 

A. • • : > j. fJ-11 >•* vu^B v-i® “ 

..L-cVl > j*i vik ^*>2 > *y»i - 

.UjI J^ i+UVLj j fix. J,*b- 
^ sJfcL— j J J >:1 ^1*3 <i*J - 

a- ' JJ_>- ** j>>-< -j^V >%'• * 


^ .A 



Wfl J , ^>4Ji ia rk ii-V 


The Klinefelter Syndrome : 6^ - 1 

.mtfU > c^is ^juj y-j .ii 


#* '♦J s-^W’ <**— n 

****** sJ^' 

47.XXY 

2lHl 

48, XXXY 

2 n *2 

48. XXYY 

2 m3 

49, XXXXY 

2 m3 

50, XXXXXY 

2 n*4 



' fA-* Jl V— ^ - 

d Jj ,>.^J U* Jl> >-3 . 

-j£ V* * 

v>-d -Ui j* - 

J d*t - 

■r-J J 

*.* ^ > >— - 


Double Trisomic ^ (v) 

j <*XJ Jkl <* qZ, ^X y jjL±. -*y*l ,/ • 

(2 n + I ♦ 1)^ 


Tetrasomic Vu*Ut (->) 

Double organisms y . y . > j,t i*2i3 j _/ j'i J* - 

y J&j Jfr-y-i£ - 

2 n *2 ^ ^ v*>v»J <v-J " 


t.l 





Tablr (I ) Amuploidy Resulting from Nondisjunction in the Human 
population. 



Chromosomes Chromosome Clin»_al F 

Nomenclature s formula Syndrom d 

<L*~> e F 

—-' J ^ L.y 

47^21 |2iTT i Down u 


crease, short stature, hyperfkxibility of 
joints, mental retardation, broad head round 
face, open mouth with large tenggue. 


delicieiKy and deafness, minor 
seizur deft lip and'or palate. 

:lyty. cardi* anon lies, posterior heel 


Multiple ccmfenUal malformatton of many 
organs, lower set. malfcemed ears, recee 
ding mandible, small mouth and nose with 
general ee appearance; mental deficiency 
how shoe or double kidney , short sternum. 
90% die in the first 6 months. 


47.XXY 


ped breasts ferminme pitched 
lirrhs. knock knees, ramblin 











m 





^SjSJl ^IjaAfl jl JL5JI > Ci1>S!l 

Variation in chromosome morphology or Structural chromosomal 

ttemitena 

.j* ffci= CJ^X j-^xt ^ki-j ii~ JkS ji v£> J* - 

. r<w jO JjL > >i. .U3 ^ ci*J 

J/L ji «-i jjk ~ 

chromosomal aberrations <+•>-*• jJ& ^ 3 & Jt & •* sU* 4 
breaks j-ill ^s* jI > 11^’ 

i>i-s jf ^>iSn ^ JjUI ^ o A J J* ^ oA •* ‘J-Jj 

Lysergic acid (L S D) 

■urji ^ VwiP r-^J - 

Interchromosomal aberrations CAfe^lfl ( I ) 

Infrachomosoraal aberrations i Af* **•>->• J>& (v) 

^Ij^l ( l ) 

Interochromosomal aberrations 

AiftUj *Jjl\ J .* ^ 

Deficiency or delation JUI 1 jl udSM ( t ) 

Duplication JcLiilt (T) 

Inversion stfW» (0 

Deficiency or delation Jb2i J (j*l i?(>) 

^ *A* j* c>-* i> J*J’ 

.jua ; c^SjalU •* ^ *» *W ,> o-s ^ * j> - 

Duplication : wioLiiJ(r) 

6- £j* ^ ^ ^ rmJ* »> ^ jj»1* J* >*j * 

a* > ‘jA- jA -* f^jA '•aajj W-S-Jja a^-ji ^ j-a ; *s j - 

(v-r-^JJ^ 3 ) VjW JJj la>U jjt J j) fr-yjJS 

•recessive gene j>k 0* ^ ^ ^ J -% 3 _»^V ~ 

■V J3 I ^ jj* IM J * J ' 



Wflj iijiki A- ^ 


Inversion -f 

) jOW/l I j» J _P ' A . jJ ^ Ui* ^J- 

i-iiS »j* Uit J Pcricailnc >-j>— 3 
*»>* c> •* Paracentric i> s*j» * 

j»iu vili *•-** J** crossing over jJ l*^j 

o' ** J ^ '^j JA* J *a-j> jfi J* Jy*4 £ ~ 


. JUl. tf'y j> o J jilj isochromosomc ^ <*— * « «-«-^ 

-J J JL j* ^ u u» ril- > jJ '*U. ^ j- j>-K J - 

^L-lt ox., >Vi *> ^ >V» a- J>3 J^a-j>3 

t > JjL- ^1 UU. >*• cuS ^ ^L13 -»- >g>ys>iJ* 

W-j>J 

<*i#n v->->-jjSJ» &hj*n\ . ( v ) 

Intrachromosomal aberrations 


•<J^- >J z±.y.yy £ I ^ fragments i >— * <-i3 > 

:j* cJj-JVi tj» j^~ 

Je-< <t±JU >J cJ^y> 3 J il 4> .'>1 JjW ^ J Translocation £*>•!> >i J» - 

RcciporcaJ £— JjL_£ jU*» ^ u±*^ j* J -» (*♦—“' 

•translocation 
jil^i ^ j . 

Homorygotic translocation J*>^* ( 1 ) 

u* oO^ijV ,> >i ^ i, ^>.Vl fL-Jll ^ Jib - 

llcterozsgotic translocation J*-i* > >jhj (* ) 

•prophase I Jjfi ^ ^ jjL* >• ^>.Yl <LJM ,> ^y- 

.scmisterilc W 6 -i-*- pi* - 


1 AT 






m 




*V*ij V-fcij 


Mutation 

***- J! ***-£> v£ >a > ^ ‘>u • 

•V**» iPjjS ^Pj ^ 

^ jiij ji^s > ^ ip jP aj > ^ j cr+ i>u 0*^=, - 

• J >2 ^jj* 

mP > J* ^->->- ,jtf ,j>i~l > >3 ^ ^ liA v * 1 * 

V -ijlka <> £l>1 i£*S ^ j 

Somatic Mutation :«*—** i >ky ( t ) 

Germinal Mutation :V»A** (’) 

jL_^V' a _k. ^ 

•Genotype J J* J phenotype JLi> ^ > i-jUJ 

Zygotic Mutation :<V-^t *-**«) *>*» ( r ) 

J„»J .UUi .lP Zygote wU i-iP ui^ Jl' sj* ) 


^u-ryi ^3 ip^Ji jl. ^c.u— y ^ii iJ iiii-s u » yu- J ■ 

J1 t*J» Ji j.iAj,U ; ip*-£) J,J ^ jl »LjM ,1 W*> t lyl ^ ,1 

v^>->-)>3 «J, y 0<>3 



